A metastable phase of NbN with superconducting T c =16.4 K was reported recently by Treece and collaborators. The reported structure of the thin film sample deviates from the rocksalt (B1) NbN structure with 25% ordered vacancies on each sublattice (space group Pm3m) and a lattice constant of 4.442Å. Using full potential electronic structure methods, we contrast the electronic structure with that of B1 NbN. The calculated energy, 1.00 eV/molecule higher than B1 NbN, and calculated lattice constant of 4.214Å indicate that the new phase must be something other than the ordered stoichiometric Pm3m phase.
Transition metal nitrides and carbides possess a number of useful electronic and physicochemical properties such as metallicity and superconductivity, extreme hardness and brittleness, as well as high melting points [1, 2] . These attributes make them attractive candidates for applications ranging from composite materials to low temperature electronic devices.
Metastable phases of these compounds have recently been implicated as an improvement upon existing materials, showing enhancements in their electronic properties [2] . In the simplest of the metastable phases, the structures deviate from their ideal rocksalt phase, with ordered vacancies on either the metal or nonmetal sublattice or both.
Recently a new phase of NbN was reported in thin films fabricated on MgO using pulsed laser deposition (PLD) [3] . The sample was shown to demonstrate a superconducting critical temperature of 16.4 K and a lattice parameter of 4.442Å, both somewhat larger than accepted values for rocksalt structure NbN (16K; 4.378Å). This new phase of NbN, shown in Fig. 1 , deviates from its common B1 (rocksalt) structure with 25% ordered vacancies on both sublattices, which also occurs for NbO. The new phase has Pm3m symmetry, and consists of nonpenetrating Nb octahedra and nonpenetrating Nb octahedra centered at vacancy sites. Both octahedra have four-fold planar coordination at each atomic site and six-fold "coordination" at the vacancy site. While it is intuitive that this system should reflect behavior similar to that found in electronic and structural analyses of metastable binary carbides, nitrides, and oxides, a detailed theoretical analysis of this new phase of NbN has not yet been carried out. This phase is almost 30% less dense than the rocksalt phase, which already suggests strong alterations in the electronic structure. It is the purpose of this paper to characterize the electronic states of this new phase of NbN and, in particular, to understand the effect of the ordered vacancies on the electronic states. In the discussion to follow, detailed comparisons will be made between the vacancy and rocksalt structure, which will be referred to as Nb 3 N 3 and Nb 4 N 4 , respectively. We also report calculations of the equation of state of both phases that appear to be incompatible with the new phase as identified.
Density functional electronic band calculations were carried out for Nb 3 N 3 and Nb 4 N 4 us-ing a basis set of linear combination of atomic orbitals (LCAO). The exchange-correlation potential was treated within a local-density approximation (LDA) as parametrized by Perdew and Zunger [4] . Details of this method have been described elsewhere [5] . In each calculation self-consistency was achieved using 20 special k points in the irreducible Brillouin zone. The density of states (DOS) was computed by diagonalizing the Hamiltonian at 104 k points in the irreducible zone, followed by Fourier interpolation to a denser grid and integration using the linear tetrahedron method. The basis functions were expanded in a set of 17 Gaussian exponents contracted into seven s-type, five p-type, and four d-type functions for Nb, and In the Nb 4 N 4 structure, we observe the type of behavior one has come to expect from IVa and Va metal nitrides in the rocksalt structure [7] . Since each atom is octahedrally coordinated with six atoms of the opposite type, σ bonding may occur between the Nb and N via the a 1g , t 1u , and e g orbitals while t 2g orbitals comprise the nonbonding orbitals with respect to the Nb-N bonding. The bands near the Fermi level E F are made up predominantly of Nb states. The Nb bands have mostly t 2g symmetry below E F and are a mixture of e g and t 2g symmetry above E F . The N p manifold lies below the Nb d bands in the energy range of -8.6 to -3.5 eV. The onset of the Nb p manifold lies above the Nb d near 6 eV.
In the Nb 3 N 3 structure, the loss of six-fold coordination gives rise to anisotropic bonding near the vacancy sites that is reflected in a markedly different bandstructure. Notable features are (1) reduction in the bandwidth by 40% and (2) the presence of a highly dispersive band which crosses the Fermi level and peaks at the R point. This band, referred to as a "vacancy band", is similar to that observed in the isostructural NbO vacancy phase [8, 9] . Figure 2 . These findings are consistent with trends in the vacancy stabilization mechanisms of TiO, [10] as well as NbO [8, 9] .
It has Nb d character below E
The total and partial DOS for Nb 4 N 4 is shown in Figure 3 To gain insight into the role of the vacancies, effective electron configurations were computed for the constituents of both structures and summarized in Table I . The total (Mulliken) charge on each atom is decomposed according to orbital and symmetry type. The symmetry decomposed charge distribution of Nb 4 N 4 reflects the full cubic symmetry of the structure. It is useful to define a local coordinate system at each atom with the z-axis directed toward a vacancy site (i.e. along the axis of the D 4h point group). There are two types of (100) planes. The Nb-rich plane, defined at y=0.5 (or equivalently at x=0.5) in Fig.1 , less than the reported one. This could conceivably be rationalized as a sufficiently thin film stabilized in a highly strained film due to epitaxial registry, except that the MgO substrate has a lattice constant (4.21-4.24Å depending on temperature) that is 5% smaller than the reported value of 4.442Å. Second, the energy difference of 1.00 eV per NbN unit is exceedingly large, and a 5% strain would increase this difference noticeably. The stored energy in even a few monolayers of the Nb 3 N 3 phase could never be sustained by bond formation at the interface.
In summary, we have found that ordered vacancies in NbN play a similar role in the electronic bandstructure to that observed in isostructural NbO and that the slight charge redistribution among Nb and N atoms could be explained in terms of the structural anisotropy.
However, we have calculational evidence that the observed new phase cannot be a stoichio- 
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